Abstract The Arabidopsis thaliana floral development protein AINTEGUMENTA (ANT) is a member of a large family of DNA binding proteins (AP2/ERF family) that control plant growth and development in response to developmental or environmental signals. Transcriptional activation and/or repression activities have been demonstrated for several members of this protein family. We have used fusions between ANT and the GAL4 DNA binding domain to identify an 80 amino acid sequence important for the transcriptional activation function of ANT. This region shows similarity to transcriptional activation domains in other proteins, as it is rich in Ser/Thr, Gln/Asn, and acidic amino acids. We also demonstrate that ANT can activate gene expression in Arabidopsis plants through binding to a DNA sequence corresponding to an in vitro determined ANT binding site. Finally, we show that ANT is nuclear localized and that the sequence KKKR (amino acids 252-255) is required for nuclear localization of the protein.
Introduction
The Arabidopsis protein AINTEGUMENTA (ANT) functions in several aspects of reproductive development. ANT promotes growth within floral meristems and developing floral organ primordia (Elliott et al. 1996; Klucher et al. 1996; Krizek 1999; Mizukami and Fischer 2000) . It is required for integument initiation in ovules (Baker et al. 1997; Elliott et al. 1996; Klucher et al. 1996; Schneitz et al. 1997 ) and plays roles in gynoecium (Liu et al. 2000) and petal development . ANT is a member of a large family of plant transcriptional regulators (AP2/ERF family) that contain either one or two copies of a DNA binding domain called the AP2 repeat ( Fig. 1a ; Elliott et al. 1996; Klucher et al. 1996) . Evidence that ANT does indeed function as a transcription factor is its ability to bind DNA (Nole-Wilson and Krizek 2000) and to activate transcription in yeast (Krizek 2003; Vergani et al. 1997) .
AINTEGUMENTA has previously been noted to contain two regions with similarity to transcriptional activation domains in other proteins (a Ser-rich region from amino acid 41-53 and a Gln, Asn, His-rich region from amino acid 214-231) (Elliott et al. 1996; Klucher et al. 1996; Fig. 1a) , although a function for either region in transcriptional activation has not been demonstrated. In addition to its proposed role as a transcriptional activator, ANT may also function as a transcriptional repressor as suggested by its role in restricting expression of the floral homeotic gene AGA-MOUS (AG) to the inner two floral whorls Liu et al. 2000) . Other members of the AP2/ERF family have been shown to act as either transcriptional activators or repressors in plant cells (Fujimoto et al. 2000; Ohta et al. 2001) .
To further address the transcriptional activation/ repression properties of ANT, we have performed transcriptional activation assays in yeast and Arabidopsis. Using fusions to the GAL4 DNA binding domain, we show that the amino terminal half of ANT is required and sufficient for transcriptional activation in yeast. Although this part of ANT contains the Ser-rich and Gln, Asn, His-rich regions, neither domain appears to be required for transcriptional activation in yeast. Instead, we find that an 80 amino acid sequence located between these two regions is critical for the transcriptional activation function of ANT when bound to DNA directly or when bound to DNA via the GAL4 DNA binding domain. We also show that ANT can activate transcription in Arabidopsis plants and that the protein is nuclear localized.
Materials and methods
Plasmid construction for yeast experiments ANT 1-555 was PCR amplified using Pfu polymerase (Stratagene) and primers ANT-13 (5¢-TTGCGGATC CATGAAGTCTTTTTGTGATAAT-3¢'; BamHI site underlined) and ANT-4 (5¢'-TGAATCTAGATTAAGA ATCAGCCCAAGCAGCGAA-3¢'; XbaI site underlined) using ANT cDNA as template. The PCR product was cloned into the BamHI and Xba sites of LITMUS 28 (New England Biolabs) and pGEM3Z (Promega). a b Fig. 1 Mapping the transcriptional activation domains of ANT in yeast using GAL4 DNA binding domain-ANT (GBD-ANT) fusion proteins. a Schematic of the full-length ANT protein with the Ser-rich region, Gln, Asn, His-rich region and the two AP2 repeats indicated. The two AP2 repeats are indicated with hatched boxes. Restriction enzyme sites used for cloning (B, BamHI; C, ClaI; Nc, NcoI; Nd, NdeI; H, HindIII; X, XbaI) are indicated above the positions where they cut the DNA. b On the left are schematics corresponding to the various GBD-ANT fusion proteins (effectors) and the reporter gene present in HF7c. The subscripts denote the first and last amino acids of ANT present in the fusion protein, while deleted regions are indicated with a D. Each construct was tested for its ability to activate expression of the lacZ reporter gene under the control of three GAL4 binding sites and the TATA region of the CYC1 promoter. Relative transcriptional activation activities of the different ANT proteins expressed from the complete ADH1 promoter in pGBT9 are shown on the right. All values are expressed relative to GBD-ANT 1-555 (100%) Truncated ANT genes were made by restriction enzyme digestion of the full-length ANT 1-555 constructs (which contain the following internal restriction sites: ClaI, NcoI, NdeI, and HindIII; see Fig. 1a ) or by PCR. ANT was made by subcloning an NcoI/XbaI fragment of ANT 1-555 /LITMUS 28 into LITMUS 28. ANT D41-53 was made by PCR amplification with ANT-13 and ANT-40 (5¢'-CTATCAGATCTGTAAATAGC TTCTCTACCTCC-3¢'; BglII site underlined). The product was digested with BamHI and BglII, and cloned into the BamHI site of ANT 54-555 /LITMUS 28 (construct made previously in the lab). ANT was made by PCR with ANT-9 (5¢'-GATAGGATCCATGGTTC CACCTCAACTTGTTGTT-3¢'; BamHI site underlined) and ANT-2 (5¢'-GCTAAGATCCATGGCTTCTT-3¢'; NcoI site underlined) and cloned into the BamHI and NcoI sites of ANT 1-555 /LITMUS 28. ANT D214-231 was constructed using overlap extension PCR and the following primers ANT-17 (5¢'-CTCAACAGATCTTCTC ACTCG-3¢'), ANT-39 (5¢'-AGCTTCAGAGATAGAG CCAGTGATGCAGCTAGA-3¢'), ANT-38 (5¢'-ATC ACTGGCTCTATCTCTGAAGCTCTTGTGGAG-3¢'), and ANT-11 (5¢'-CATGTCTAGATTAACCCCTAGA GAAACCACTGCT-3¢'). The PCR product was digested with NcoI and NdeI, and cloned into the NcoI/ NdeI sites of ANT 1-555 /LITMUS 28. ANT D41-53,D214-231 was constructed by subcloning the NcoI/NdeI fragment of ANT D214-231 /LITMUS 28 into the NcoI/NdeI sites of ANT D41-53 /LITMUS 28. ANT was made by digestion of ANT 1-555 /pGEM3Z with BamHI and ClaI, Klenow fill in, and religation of the plasmid. ANT was made by digestion of ANT 1-555 /pGEM3Z with ClaI and XbaI, Klenow fill in, and religation of the plasmid. ANT 1-133 was made using PCR and primers ANT-13 and ANT-2. The PCR product was digested with Bam-HI and NcoI, and cloned into LITMUS 28. ANT was made by digestion of ANT 133-555 /LITMUS 28 with ClaI and XbaI, Klenow fill in, and religation of the plasmid. ANT was made by PCR amplification with ANT-47 (5¢'-GTCCGAATTCGATCTTAGCTTA GATAGTTTA-3¢'; EcoRI site underlined) and ANT-48 (5¢'-AACGGTCGACTTAAGAGCCAGTGATGCAG CTAGA-3¢'; SalI site underlined). This PCR product was cloned directly into the EcoRI and SalI sites of pGBT9. ANT D134-213 was made by addition of an NcoI/ XbaI fragment generated with PCR and the primers ANT-49 (5¢'-GATGACCATGGGCCACCACCACCA ACAAAAC-3¢'; NcoI site underlined) and ANT-4 to ANT 1-133 /LITMUS 28. ANT D383-451 was made using overlap extension PCR with the following primers ANT-12 (5¢'-GCTGCTCGAGCATATGATCT-3¢'), ANT-36 (5¢'-ACTAGACATGATACCCCTAGAGAAACCACT GCT-3¢'), ANT-37 (5¢'-TTCTCTAGGGGTATCATG fTCTAGTAACACACTC-3¢'), and ANT-4. The PCR product was digested with NdeI and XbaI, and cloned into the NdeI/XbaI sites of ANT 1-555 /LITMUS 28. ANT D281-357 was made by replacing the ClaI/HindIII fragment of ANT 1-555 /LITMUS 28 with a PCR product generated with ANT-24 (5¢'-TCAACCCGGGGTTAC TAGACATGATACGATC-3¢') and ANT-35 (5¢'-CTA TCATCGATACTTTTGGACAACGAGAAGACATG AAGAACATGACTAGACAAGAA-3¢'; ClaI site underlined) and digested with ClaI and HindIII. All genes not previously cloned into pGEM3Z were subcloned into the BamHI/XbaI sites of pGEM3Z. GBD-ANT fusions were made by subcloning of full-length ANT and the truncated ANT genes from pGEM3Z into pGBT9 (Clontech) using the EcoRI and SalI sites, such that the reading frame of the GAL4 DNA binding domain (amino acids 1-147) was maintained in the fusion protein. In some cases, no stop codon was present in the ANT sequence but was provided by the two-hybrid plasmid resulting in the addition of several amino acids to the carboxy end of the fusion protein. For the yeast one-hybrid studies, the ANT constructs were subcloned as KpnI/HincII fragments from pGEM3Z into pGAD424 (Clontech) that had been digested with KpnI and SmaI to remove the GAL4 activation domain. All of these constructs retain the SV40 T-antigen nuclear localization signal. The ANT target reporter plasmid was made by cloning three copies of a 29 bp sequence (5¢' CTGTAAGCATCGGGATATGTGCACCAAGT 3¢') containing the 16 bp ANT consensus-binding site (indicated in bold; Nole-Wilson and Krizek 2000) upstream of the lacZ gene in the vector pLacZi (Clontech).
Yeast strains and transformation
The yeast strain HF7c (MATa, 112, LYS2 ::GAL1-HIS3, URA3::(GAL4 17 mers) 3 -CYC1-lacZ) was transformed with plasmids containing GBD-ANT fusions using a modified lithium acetate procedure (Gietz et al. 1992 ). Transformants were selected on plates containing synthetic medium lacking tryptophan. The yeast reporter strain for the one-hybrid studies was made by integration of the linearized ANT target reporter plasmid into the yeast strain YM4271 (MATa, 112, ade5::hisG) . This new reporter strain was then transformed with the different ANT constructs using a lithium acetate procedure, and transformants were selected on plates containing synthetic medium lacking leucine.
b-galactosidase assays 1.5 ml liquid cultures grown in the appropriate synthetic medium were used for quantitative b-galactosidase assays. The yeast cells were harvested by centrifugation, resuspended in lysis buffer (100 mM potassium phosphate pH 7.8, 0.2% Triton X-100), and vortexed in the presence of glass beads (425-600 lm diameter) (Sigma). Five microliters of the crude yeast extract was added to 100 ll of a 1:100 dilution of the chemiluminescent substrate Galacton (Applied Biosystems). After incubation for 1 h at room temperature, the enzyme activity was terminated and light emission was initiated by the addition of 150 ll of the accelerator. Luminescence was measured in a luminometer. The assays were performed in triplicate and at least two different experiments were conducted for each construct. The amount of protein present in each sample was determined by a Bradford assay. The ratio of b-galactosidase levels for each truncated construct compared to full-length ANT was determined.
Plasmid construction for Arabidopsis bombardment experiments
The effector plasmid contained the 35S promoter fused to the full-length ANT gene and the 3¢' untranslated region from the nopaline synthase gene in pGEM3Z (Promega). The reporter gene plasmid contained three copies of the ANT binding site placed upstream of the minimal À58 to +6 TATA box from the cauliflower mosaic virus (CaMV) 35S promoter fused to the firefly luciferase gene in the vector pGL3-Basic (Promega). The internal control plasmid contained the CaMV 35S promoter fused to the Renilla luciferase gene in the vector pRL (Promega). The sequence of each plasmid was confirmed using an ABI 377.
Plasmid construction for leek bombardment experiments
The ANT coding region was subcloned from pGEM3Z into the SmaI site of 326 GFP-3G. The GFP-ANT junction was sequenced to confirm preservation of the reading frame. ANT K253T K255T was constructed using overlap extension PCR and primers RTANT-1 (5¢'-GG AGGATTTCTTTGGGACCCATC-3¢'), ANT-98 (5¢'-T GTCCCCTCGTCTTCGTCGCAGCCG-3¢'), ANT-97 (5¢'-CTGCGACGAAGACGAGGGGACAAGAG-3¢'), and ANT-24 (5¢'-TCAACCCGGGGTTACTAGACA TGATACGATC-3¢'). This PCR product was digested with NcoI and ClaI, cloned into ANT 1-555 /pGEM3Z, and subcloned into the SmaI site of 326 GFP-3G. Sequencing confirmed the introduction of the desired mutations and the preservation of the GFP-ANT K253T K255T reading frame.
Transient expression in Arabidopsis and leek
Transient expression assays were performed by particle bombardment using the Helios Gene Gun System (Bio Rad). Gold particles of size 0.6 lm (Bio Rad) were coated at a microcarrier loading quantity (MLQ) of 0.375 with equal microgram quantities of the reporter and the internal control plasmids, equal quantities of the effector, reporter, and the internal control plasmids, or one of the GFP plasmids. Epidermal peels were removed from leeks and incubated on 0.5· MS plates for approximately 1 h prior to bombardment with the gene gun. Bombardment of Arabidopsis rosette leaves (Ler) and leek epidermal peels was performed at a helium pressure from 80 to 175 psi.
Luciferase assays
Arabidopsis leaves were harvested 24 h after bombardment. They were frozen in liquid nitrogen and ground in passive lysis buffer provided in the Dual Luciferase Reporter Assay System (Promega). Twenty microliters of the extract was assayed for luciferase activity as directed by the manufacturer. The amount of protein present in each sample was determined by a Bradford assay. The firefly luciferase activities were divided with the Renilla luciferase activities to normalize for transfection efficiencies.
GFP localization
After bombardment, the leek epidermal peels were incubated for approximately 16 h in the dark. The tissue was stained in Hoechst and images were collected on an Axiovert 200 (Zeiss) using Axiovision image acquisition software.
Construction of transgenic Arabidopsis plants
ANT and ANT D134-213 were subcloned into pCGN1547 containing a 35S promoter and a 3¢ NOS sequence (Krizek and Meyerowitz 1996) and transformed into Agrobacterium tumefaciens strain ASE by electroporation. Arabidopsis Ler plants were then transformed with these Agrobacterium strains by vacuum infiltration. Transformants were selected for kanamycin resistance (Bechtold et al. 1993 ).
In situ hybridization
Inflorescences were fixed, embedded, sectioned, and hybridized with a DIG-labeled ANT probe as described previously (Krizek 1999) . The ANT probe corresponds to nucleotides 1 to 271 and thus will recognize mRNA corresponding to both the endogenous ANT gene and the transgenic ANT D134-213 .
Results
The amino terminal half of ANT is required and sufficient for transcriptional activation in yeast
The ability of ANT to regulate transcription in yeast was investigated using a fusion of full-length ANT to the GAL4 DNA binding domain (GBD; Fig. 1a) . The lacZ reporter gene in the yeast strain HF7c was under the control of three GAL4 binding sites and the TATA part of the CYC1 promoter (Fig. 1b) . The level of b-galactosidase activity was increased from 500-fold to 3,000-fold in yeast containing GBD-ANT 1-555 as compared to those containing just the GAL4 DNA binding domain (pGBT9; data not shown). To map the region of ANT required for this transcriptional activation function, amino terminal truncated forms of ANT were fused to the GAL4 DNA binding domain (Fig. 1b) . In GBD-ANT 133-555 , the amino terminal 132 amino acids have been deleted. In GBD-ANT D41-53 , the Ser-rich region has been removed. In GBD-ANT D214-231 , the Gln, Asn, His-rich region has been removed. GBD-ANT D41-53,D214-231 corresponds to a protein lacking the Ser-rich and Gln, Asn, His-rich regions, while GBD-ANT 275-555 lacks the first 274 amino acids of ANT. GBD-ANT 133-555 , GBD-ANT D41-53 , GBD-ANT D214-231 , and GBD-ANT D41-53, D214-231 all produced high levels of b-galactosidase activity, while GBD-ANT 275-555 showed almost no b-galactosidase activity (Fig. 1b) . These results suggest that the amino terminal half of ANT is required for transcriptional activation in yeast.
To determine whether the amino terminal half of ANT was sufficient for transcriptional activation in yeast, a fusion of the GAL4 DNA binding domain to the first 274 amino acids of ANT (GBD-ANT 1-274 ) was made (Fig. 1b) . High b-galactosidase activity was present in yeast cells expressing GBD-ANT 1-274 (Fig. 1b) , demonstrating that the amino terminal half of ANT is both necessary and sufficient for the transcription activation function of ANT in yeast.
An 80 amino acid sequence within the amino terminal half of ANT is capable of transcriptional activation
To further define the transcriptional activation domain of ANT, smaller regions of the amino terminal half of ANT were fused to the GAL4 DBD. GBD-ANT 1-133 corresponding to the amino terminal 133 residues was not able to activate lacZ expression (Fig. 1b) . GBD-ANT 133-274 and GBD-ANT 134-213 produced high levels of b-galactosidase activity (Fig. 1b) . This suggests that an 80 amino acid region between residues 134 and 213 is critical for transcriptional activation. Yeast containing GBD-ANT D134-213 , which has a deletion of this 80 amino acid region, produced very low levels of b-galactosidase activity. The region of ANT corresponding to amino acids 134-213 contains several features that are similar to transcriptional activation domains in other proteins. These features include a large number of Ser and Thr residues (22 positions), Gln and Asn residues (12 positions), and Tyr and Phe residues (9 positions; Fig. 2 ). In addition, this region contains nine Asp and Glu residues leading to an overall charge of À7. This region is not conserved in ANT orthologs from other species (Fig. 2) or in Arabidopsis AINTEGU-MENTA-like (AIL) proteins (Nole-Wilson et al. 2005 ).
An alignment of ANT with the tobacco ANT ortholog (Rieu et al. 2005) shows little sequence identity in this region aside from a conserved LSLDSL (Fig. 2) .
Amino acids 134-213 are required for full transcriptional activation by ANT when bound directly to DNA AINTEGUMENTA has previously been demonstrated to activate transcription in a yeast reporter strain containing a multimerized ANT binding site and the TATA portion of the CYC1 gene upstream of the lacZ reporter gene (Fig. 3a, b; Krizek 2003) . Yeast cells expressing ANT were also able to induce high levels of reporter gene activity (Fig. 3b) . Much reduced levels of reporter gene activity were present in yeast cells expressing ANT demonstrating the importance of the amino terminal region for transcriptional activation. Deletion of just the 80 amino acid region from amino acid 134 to 213 resulted in somewhat higher levels of transcriptional activation as compared with deletion of the entire amino terminal half (Fig. 3b) .
Deletions in the carboxy terminal half of ANT were made to investigate the requirement of both AP2 domains for DNA binding in vivo. ANT D383-451 lacks the second AP2 repeat and ANT D281-357 lacks the first AP2 repeat (Fig. 3b) . Neither ANT D383-451 nor ANT D281-357 was able to activate expression of the reporter gene (Fig. 3b) . Thus, the ability of ANT to activate gene expression in yeast through its own binding site is dependent upon the presence of both AP2 repeats. This is consistent with the requirement of both AP2 repeats for DNA binding in vitro (Nole-Wilson and Krizek 2000) .
ANT activates transcription in Arabidopsis
Next, we investigated the ability of ANT to regulate transcription in plant cells using a transient expression assay. Our reporter plasmids consisted of the firefly luciferase gene under the control of a multimerized ANT binding site and the TATA region from the CaMV 35S promoter (ABS-58/luc) or only the TATA region (À58/ luc; Fig. 4a ). The effector plasmid consisted of fulllength ANT expressed under the 35S promoter (Fig. 4a) . Arabidopsis leaves were bombarded only with a reporter plasmid or a reporter plasmid and the effector plasmid together. In both cases an internal control plasmid consisting of the Renilla luciferase gene under the control of the 35S promoter (Fig. 4a ) was included to account for differences in transfection efficiencies. The levels of firefly luciferase were increased at an average of 15-fold (range sixfold to 30-fold) when ANT was coexpressed with the reporter plasmid compared only to the reporter plasmid. A representative experiment is shown in Fig. 4b . This activation was dependent upon the presence of the ANT binding site as ANT was not able to activate expression of the (À58/luc reporter that lacked these sites (Fig. 4b) . Fig. 5a ). Therefore, the first 132 amino acids of ANT are dispensable for ANT function as assayed by ectopic expression. None of the plants from 18 independent lines containing a 35S::ANT D133-213 transgene produced plants with larger organs (Fig. 5b) . In situ hybridization confirmed that these plants did express the 35S::ANT D133-213 transgene (Fig. 5c, d ). These results suggest that the 80 amino acid sequence that we have identified as a transcriptional activation domain is important for the in vivo ability of ANT to regulate organ growth.
Lys 253 and Lys 255 are required for the nuclear localization of ANT To investigate whether ANT is nuclear localized, ANT was transiently expressed as a GFP fusion protein in leek epidermal cells. While GFP is present in both the cytoplasm and nucleus (Fig. 6a) , the GFP-ANT protein is present exclusively in the nucleus (Fig. 6b) . Amino acids 252-255 of ANT, which correspond to the sequence KKKR, have been suggested previously to encode a Within this region, Ser and Thr residues are shown in blue, and Gln and Asn residues are shown in red. The AP2 domains and linker are indicated with a blue box nuclear localization signal (Klucher et al. 1996) . To investigate the importance of this sequence for the subcellular localization of ANT, Lys 253 and Lys 255 were mutated to Thr. GFP-ANT K253T,K255T was present in both the cytoplasm and nucleus of bombarded leek epidermal cells (Fig. 6c) . This suggests that the basic stretch of amino acids at positions 252-255 is a nuclear localization signal.
Discussion
Our results demonstrate that ANT is nuclear localized and can act as a transcriptional activator in plants. The region corresponding to amino acids 252-255 is required for nuclear localization, while amino acids 134-213 are required for the full transcriptional activation function of ANT. The nuclear localization signal of ANT is similar to that described for other plant transcription factors, consisting of a core of basic amino acids (Liu et al. 1999) . The transcriptional activation region of ANT shows several features that are characteristic of transcriptional activation domains. Traditionally, transcriptional activation domains have been grouped into different classes based upon the most prevalent amino acids within the region. Such a classification gave rise to the so-named acidic, Gln-rich, Pro-rich, and Ser/Thrrich type activation domains (Johansen and Prywes 1993) .
Mutational analyses however have indicated that such classifications may not describe the most significant features of these domains. In several cases, the importance of hydrophobic amino acids within acidic or Gln-rich regions has been demonstrated (Triezenberg 1995; Wang et al. 2005) . Such hydrophobic amino acids are thought to stabilize protein-protein interactions between the transcription factors, coactivators, corepressors, and components of the general transcription machinery (Triezenberg 1995) . The 80 amino acid transcriptional activation domain of ANT is acidic and contains a large number and Ser, Thr, Gln, and Asn residues in addition to a number of bulky hydrophobic residues (Phe, Tyr, Leu, and Met). Further experiments will be necessary to determine if this region can be more narrowly defined and to identify specific amino acids that are important for activation.
We have employed two different methods for assaying the transcription activation ability of ANT in yeast. The first method utilized GAL4 fusions, while the second method utilized ANT proteins directly bound to DNA. While ANT D134-213 exhibited almost no b-galactosidase activity when present as a GAL4 fusion, some b-galactosidase activity was detected by this same ANT protein when bound to DNA directly. This suggests that additional regions of ANT, outside of amino acids 134-213, may make some contributions to the transcriptional activation function of ANT. Such regions may not contribute in the context of a GAL4 fusion due to slightly different conformations of ANT when bound to DNA. The importance of amino acids 134-213 as a transcriptional activation domain is supported by the inability of an ANT protein lacking this sequence to have in vivo function.
Previous data have indicated that ANT acts to repress AG expression in the outer two whorls of the flower Liu et al. 2000) . Although it is currently not clear if repression of AG by ANT is direct, this result suggested that ANT might be capable of functioning as a transcriptional repressor as well as an activator. In the experiments described here, we did not detect any evidence of transcriptional repression by ANT. Recent work has demonstrated that other proteins involved in AG regulation, such as LEUNIG (LUG) and SEUSS (SEU), are capable of transcriptional repression but do not bind to DNA themselves (Sridhar et al. 2004) . This suggests that ANT may help to regulate AG expression by recruitment of such factors to AG genomic sequences. The question of whether ANT can act as a transcriptional repressor on some sites awaits the identification of additional downstream target genes and in-depth characterization of their regulation. 
